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Hod^ule Ho: 

» 


ftodule Title: 


Topics:. ' • C ' • 

•T-^tnduotion .and "^mpling " 
^slinkier DO Te^t . ' / - ' 
BOD Tests ■- . ' " , • { 
■ DO Meters , . ' ' ■ 


Approx. Time': 

« 


Objectives: % • . , 



Whe^>the partjcipants complete this topic they should be able to: 
Determine the dissolved .oxygen content in water sample. 
^ Determjne the biochemical oxygen' demand of a water sample. 

N 




C 



Inst/uctional Aids: 

Handouts 

EPA video tapes 



\ 



Instructional Approach: 

Lecture 
Lab 



1 !■ .... 

1> ' * ' 



References: 
Standard Methods 

'EPA Effluent ^Monitoring Procedures 



TT" 



Cl«s Assignntents: 




y»A sli de-tape \is aV^ai^bl^ from: 



Eileen -f (Jewell 
National Training Center 
Water Ptjograms Operation 
Vine & St. Claire St. 



1 I I c, 

Cincinnati, Ohio \ 45268 



\ 



Overheads ' ' ' . 

~iie1he/ov'erh\1d\lfl\^''"l' ^qr class roo;n . 

l^etterl^ cffistructe'd using colcO-ed, 1/4 inch dry transfer 

Other^pverheads may be copied directly. . * 

-\ * * ' • ^ 

Handouts v ^ . , 

Handouts may be copied directly. ' . , . . - " 

Lab supplies and a^aratus ' . * * 
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Module No: 



ApproX'. J1me: ^ 



. 1 hoV 



ftodulyfitle: 

'do & BOD~Testing 



Paige 



Subrrodg^le Title: 
^19inkler DO ^est 



'.r ^-^ — - 



Topic;- 

^, ' > 

Introduction arKi Sampling 



Objectives: " . ' • 

When the participants complete this topic they should be 'lb Te to': 

• ' * - " » ' \ . 

1/ Indicate- the relationship between -dissoived oxygen^ and temperature. • 

2. Determine the saturation value of 'dissolved oxygen in wat6r given water 
temperature, barometrix: pressure and satut^ation'val ues t^M?/' 

3. Jdentify the proper apparatus and reagents needed for taking a dissolved 
oxygen sample for the Winkler DO method. \ ' . ^ ^ : \ , 

4: , Obtain and pre|DaT;e a proper dissolved 'oxygen sample for the\ ^Winkler method 



InstruGtional Afds: 

Handout* • 
•Lab "equipment 



Instructional Approach: 



VLecture 
Lab ■ 



i^efe'renp'es: 



Standard Methods 
'£PA, EMP 



1 ,(f. 



CJd-ss^Alssignnifents: 



Tppic: 



Introduction and Sampling 



Instfuctoi 



Out/ Ine: 



1. Introduce the. relationship between . ", . 
, a. DD temperature > . 

b . Give examp 1 es &f h ow th is re 1 ati onsh i'p 
may a.ffect-re^uTltr'pf DO .test's ^ 

2. Demonstrate the use of DO saturation table 



3.- 



a. Discuss the use of the DO sampling 
equipment .. 

APHA Sampler •. 
Kerimerien samples 
♦ Direct .sampling 
V Bottle sampler 




/ b. Discuss satnple preservatfon- ' 

c.^. Discuss the chemistry of the reaction 

4. a. demonstrate proper sampling methid and 
. ..g^^^gJJ^J ^ sample for a 

b. -.'Have class- preserve ^ DO samp'le 

' ^ . 1 ■ 



..4 
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Module No: 



Apprbx. Time: 



Z^hours 



ftodule T/tle: . 



Sub.TWdule Title: 
.Wink'ler DO Test 



Topic: 
DO Test 



Objectives: >• • ; • • * ■ * 

When-the participants complete- this topic they shouldjje ablje/to: 

1. * Identify the proper apparatus and reagents needed for' the azide modification 

of the Winkler DO ten. • 

2. Conduct a dissolved oxygen test usinci the azide modification of the Winkler 
method gi.yen test equipment, procedures sheet and proper .sample, material . 

3. Translate the raw data from the DO test ijvto-proper units of expressidn. 

) » " ■ 



Instructional Aids: 



\Jlandout ' 
Lab equipment 
EPA video tape 



Instructional Approach:' ' 
Lab- 



V ^ 



ReferencQSl 
Stafidar7 Methods 




■ I 
I 



Class AssignrtentsV 



Module No; 



InstructDr No'tes.' 



Paoe 17 



Topic; ^ 
DO Test 



EPA Video Taoe 
Handout - Paoes 10 - 17 



Instructor OutHne: 



1. a. Ideatiiy the proper , apparatus and * 
reagents needed for the Winkler' DQ test. 

b: Demonstrate the makeup of reagents and 
Indicate that they maybe bought pre-- ' • 
' made. "■ ' ■ 

- ' V 
c. , Discuss the* use 'of Alternate reagents 

2. a. -Demonstrate the test procedure to the 
class'. . '• ^ . « 

b; Have class cdnduct the 'test. . 

3. - a.«' Work example problems. 

b.' Have^d ass, convert their raw data into 
proper units of expression. : 
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Page- _10_ 

WinkTer Determination of DisrsolVed Oxyqen-Azide Modi f i catron 
L ^ Analysis Objectives ^ ^ 

The operator will be able to perform a Winkler dissolved oxygen 
determination, using. th*e azlde mbdifi cation, on a sewage'* samp >e. 
2. Brief Description of Analysis: •\ ' ^ - • , * ^ " 

. *A solution of mang^inous^ sulfate is a^cjed to the sample. A solution 
containing sodium hydroxi'de, sodium iodide and sodfum azide is nfext added.' 
If oxygen is present in the sanple, a bmwn flocculent precipitate forms. ^ 

• If n^oxy^en is oresent, a white precipitate forms. Sulfuric acid i-s tbeil 
*added t(3^'the sample, arrd^the'^precipitate dissolves. Th'^solution is 

• -titrated. with. P. A. 0. u^i ng. starch \indic5it6r. At the end' poin^ of the 

titration, the color of the s^olution changes from .pale blue to colorless. * 
* * ^ •* 

, - .l^he milliliters of^.A.O. used,/is eqyal to the mill tgrams .of dissolved ^ 

^General Description of Equipment Used in /Che Process ^ ^' 

A. ' Capital Equipment " ^ - ' ^ '\ . 

1. Analytical balance, ZOCg. capacity . , ' . ' ► . - . •« 

^2. Trip balance, 500 g. _capacity' ' - ' . • 

.3.^ Oven, temperature controllable to ± 2° C, lacge enough to hold a small- 
evaporatijig dish^ • 
- 4. * Refrigerator, large enodgh to hold three 1^1 iter bottles^ 

5,' Still, or other* source of distilled water . * x 

B. Reusable ' , : • * * * 

1. (Hot plate, large enough to hold a 2 liter Erlenmeyer flask 

. • - . • • . ■ . 

2. ' Kemmerer sampler , . ' 



• 3. 
' X 
'5/ 

6. 
•••7. 

•8. 

9. 

lo. 

12. 
13. 
14. 
15. 
16. • 

ir. 

18. 
19. 
20.' 
21. 

22. , 

23. 

24.. 

t 

25'. 
.26» 

27: 



PP\\I\ sampler • *• ' . • • ' 

laboratory apron ' ' 

Safety glassed " "^^ ^ ^ ' 

Brushes (for clearfing glassware) 

Brush ^(for ^cleaning balance) ' ^ ' . . - ^ 

'One 1 liter vo'^etric flask . . ' ' 

One '300 ml , BOD bo.ttle ^ / • . * • , . * 

One 1 liter graduated, cylinder** ' /\ ^ * 
One <100 ml graduated cylinder 
One^t) ml graduated' cylinder ' 
One' 10 ml gradu^dted cylinder ' - 

Six I liter -glass stoppered^bot'tles . , . * ■ . • 

One rubber stopper (to fit.a Tmer gla^js .•stoppered bottle) 
On^ 190 ml glass stoppered^bottle , 
One spaftula (medium size) 
One spatula (small size 
One 2 liter Erlenmeyer flask 
One 500 ml wijie mouth Erlenmfeyer flask. 
One 100 ml pi pet ^ • ^ 
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%ie 50 ml pi pet 
, * ^4 
One 2d ml^pipet 

One pipet bulb • ^ ^ " 

Three/ 5 mt graduated pi pets \ ^ . * . 

One desiccator '(large enough to hold a sm5^11 ^evapora-ting, dish)^^ 
One evaporating dish (large «nough.ao jiol/*about lO'g. of solid) 



■28.- One- 25 nil buret , ' 



Z9.' Onejfin^stand' . ' 

L^30. fone buret clamp. ' 

31. One distilled water pi asti c' squeeze bottle 

32. One pen or pencil 
,33. One notebook (for recording data) 

s^34/ Eight ^plastic weighing boats (2-3 inches square) 

35. Sponges (for cleaning of laboratory table tcjps) 

36. One stirring rod (about 6 inches long) ' 
- 37. One powder funnel, about 3 inch diameter. 

C. .Consumable \ , ' - . . . . ^ - 

. 1. ^Potassium dichrlsmate, K2Cr207 ' • 

2. Concentrated sulfuric acid, H2SO4 

3. Soap ' •^^'''''^^^"v ^ , * ^ * 

(These three reagents_are for cleaning gla?swar-e. The quantities 
needed wilJl therefore vary.) ^ • 

4. 480 g. sodium hydroxide, ^'NaOH ' ^ ' 5^ • r 

400 g: manganous sulfate dihydrate, MnSq4.2H20,' or 364' g. manganous 

/ . - f ' ' * " * 

sulfate monohydrate, MnS04.H20 may also be used. 

^ 5. 500% sodium hydroxide, NaOH 

^ 6. 135 g. sodium iodide, Nal 

7.,. 10 g. sodium azide, NaN3 

5. ^lUpg. soluble starch 
•9. 15 ml. chloroform, CHClo 

10. Sodium dichrorriate, Na2Cr207 4 

11. 20. ml XP-A.O.) Phenylarsine jgide 0.0375 N • 



/The quantities- tiven in 4 through 9 above will suffice for approxima-tely" 
450 cjetermi nations of dissolved oxygen.' Depending on usage, smaller 
qtjanti ties- maybe prepared. ^ - • 

All. reagents strould be^of high quality*' Different chemical 
manufactyrers may Have different \vays of indicating a high quality reagent. 
While? no endorisemeht of one chemical manufacturer over another is intended, 



^th§, following are 's.ome„ designations used in four chemical catalogs 



to 



•indicSte';high qliality reagents 
Cat a Tog , 



Ttoirfes 

\ Mathesoh^ ^Colem^n & BeVl 
; Curt in Matheson Scientific Inc* 

* V-Pi?f^er ' j 

^ ,Egui^>meftt--{V^rati on 



Designations • , 

Reasent, ACS, cfiemically Pure (CP) 
Reagent, ACS ' 
Primary Standard, ACS, AR 
Certified, ACS 



' 1. Gleaning of glassware , 

• ■ ^ 

' a. Clean all glassware \and.rin^e WTth distil led' w^ter. . ~ ^ 

" *^ , ' 
- 2. .Balance preparation- - ■ ' 

a. Check ajl balances for cleanliness and prtfper operation 
B. Reagent Prepta-ration 

1.. Mangaaous sulfate solution ' • - 

' , a;;, Prepare 1^ Mitr of solution containing**480 g. of manganous sulfate 
-tetratrydrate, MnS04.4H26. \ ■ ' • 

l-w- Unless. ^otherwise specified, solutions should be. store? in glass 



stoppered bottles. 



2; Unless otherwise specified^, the term water means distilled 

Ik * 

water. ' 
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2; Alkaline iodide aztde sblu^on, .. ' " 

a. - Dissolve 500 g. of sodium hydroxide, NaOH, in 500 ml of water. 

1. 'Caution: Heat is Generated , 

b. Cool the so'lution to room temperature, 

G. dissolve 135 g. of sodium'fodide/Nal, in 200- ml of water, 
, d.^ JJisspJve 16 g. of sodium azide, NaN3, in 40 ml of water* 
e^. Coqibine th^ three/solutions and dilute to 1 lifter. ' j 

1. This solution shoul-d be stored- in a glass bottle fitted with 

• ' ' ' : 

. p a rubber stopper, or in a clean plastic bottle. j 

3. Starch solution p-w.^*^^ | 

^ . ;j 

a. -Gently^ boil 1 liter of water on a hot plate, • . ' - ! 

1, Proceed with the next steps while the water is heatinq and -j 
, boiling. j 

b. Weigh 10 g. of soluble starch, ' . , I 

c. Transfer '-it to a mjjrtar, 
* ^ d. Add about. 3. ml of water^ 

e, -Grind with a pestle so as to fprm a thin paste. * ^ 

f, Pour the paste into the boiling water, / \ ^ * 

g, Alloiy the solution to stand overnight, ^ 
^ h.. Decant the starch solution into a bottle, ' ^ . , ' 

1. Decanting means to pour slowly so ,that any solid material will 

. \ be left behind, - ^ . ^ ^ * ^ ' . j. 

> » 

t 

i, 'Add 5 ml of chloroform, CHCI3, ' ' ^ ^ | 

1, Store in a refrigerator - , * . ; 

Determination of Dissolved' Oxygen - . , * 



\ . . . 

Sample collection • * 

1. If the sample is to be collected from a depth qresiter than 5 feet, 
use a "Kemme rer sampler, ^ .-^ * 

2. If the sample is to be collected from a depth less thaii^S feet, 
use an APHA sampler containing a 3Q0 m1 BOD bottle. " 

3. If a Kemmerer is used, trans fer^the sampVe to a 300 ml BOD bottU. 
Allow'spme of the": sample to overflow. " / 
a. Caution: , During tfle sample transfer, do not allow it to 

splash. ^. ' ' ^ 

4. Carefully insert the ;5.topper of the BOD bottle, 
a. Do not create any air bubbles in the bottle. 

5. For surface samples, the sample may be collected directly in a; 

• . ^- ' » ^ 

300 ml BOD bottle. 

.a. Fill the bottle^ in such a way ^ that no turb^^nce is created. 
Addition of reagents - . ^ 

1. Remove the stopper and pipette *2.0 ml of manganous sulfate 
'.^solutifi^ into the sample. . - . 

a. Have the tip of the pipette about 1/2 inch below the surface of 
the liquid. It fs desirable, but pot necessary, that the 
nohnality be O.T)375. 

2. Pipette 2.0 ml of alkaline iodide azide solution into the sample,^ 
over tbe sink. 

a; Have the tip oY the pipette about 1/^inch below the surface of 
the liquid. - [ 

b. A precipitate fortns^. 
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'3; *> Carefully insert the stopper of the BOD bottle* 
^. Do not create any air bubbles in the bottle; 

4.. .Rinse off the outside of thg BOD bottle, .^^^^^^^^ 

a. The alkaline iodixJe azide solution is damaging to the- skin, 

5. Holding the hand over the stopper, invert the BOD bottle slowly 

. ' . . * ^ 

^ 5 times. ^ 

6. Allow the precipitate to settle. . 

^ " ^ > • ' m ^ 

' ^. I-f 'it does not 'settle, wait 2 minutes aOiJ proceed. 

7. Repeat the shaking a^nd^ettTing steps. ^ 

8. Pipette 2^0 ml of concentrated sulfuric acid into the sample.* 
a. The pipette need not be below the surface of the liquid. 

94- Carefully jinsert the stopper of the BOD bottle. 

a. Do not: create any air bubbles in bottle during this step. . 

10. Rinse Qff the outside of the BOD'hi)ttle. ^ 

11. Holding the hand over the stopper, invert the BOD bottle slowly 
five times. 

a. The precipitate will dissolve. 

b. The color of the solution is red-browit if oxygen is present, 

•» 

but colorless if no oxygen is present. If the solution is 
yeMow, a small amount of oxygen is present. ' . 
(.Titration ' - • , - 

1. Transfer the entire contents of the 300 ml BOD bottle to a" wide 
mouth 500 ml Erlenmeyer flask. 

2. Add the P.A.O. tit rant from a buret unttl the red-brown dolor 
changes to a pale yeilow 

■ 17 ■ • • ' 



a. If tliere was little oxygen in the sample anq the 1 yellow color 
was therefore present even before addition 6f any P.A.O,, 



tfie^tarch should be added imnediately < 

3, Add 2 in] of starch solution' ' \ _ 

V ^ **** 

a, A medium 'blge-pa,le^lue color will form, \ ^ 

4, Continue the titration until the color changes from |s(ale blue to 
colorless, 

a. Ignore an^ return of bTue colQr* 

5, Record the ml P. A. O/ used. 
Calculations \ . " . 
1^* Calculate the mg of DO per liter of sample. 

a .■ , mg DO/liter = ml of P-.A.O, tHrant X N of P. A. 9. ,tit;rant ) 

# 

• 1000/ml of sample 
c ■ X . ■ T',- . . . i 

Since the >5ample,was in a 300 ml BOD bottle, mg 00/liter 

ml of P.A.O. X N of P.A.Oj \ B x 1000/300 i I 

c. Or mgl50/litef = ml -of ?.k.G{^^of P.A.O. X 26.7 . ■ 

j^' * d. If the N of the P.A^Q^wg^exactly 0.0375, then mg tlO/ liter = 

- ml 'of P.A.O. X 0.0375 X 8 X' 1000/300. . 

e. Or mg DO/liter = ml' of P.A.O,, X 1 
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Module Ho: 



Approx. Jime: 
1 hour 



Wodul^ Titler 



Submpdule Title: 
• BOD 



Topic: ^ 

Introduction 



Objectives: 



abJfi to: 
limitiinq i 



When the participants^ complete this topic they sh,ould,be at 

1\ Indicate wliat the BOD test measures and what is the limitiinq factor in the 

* test. ^ ^ I 

2. Indicate three types of wastewater that a BOD test may not give valid results 

3. . Explain seeding of BOD samples and indicate what types of wastewater must be 

* seeded.. * . * ' . ^ 

4. Indicate the proper preservative and holding time limit for a BOD sample. 

5. Indioate the proper Sample dilution given the estimated BOD of the sample. 



Instructional Aids: 



Handout 



Instructional Approach: 
Lecture 



References: • 
. Standard Methods 



Class Assignments:^ 
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Module' Hjo: 



Topic: 
In;^roducrt6n , ^ 
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instrucfoPoNote?: 



ERLC 



Instructor OutHne: 



■t 



\ 



1. a..- Discuss what the BOD test^measurfes 
b. Discuss how it is measured. 



c. Indicate why it is the 'standard test 
rather -than COD .or TOD. 

2. Indicate typ^s of samples that will n'6t give 
proper BOD results and why they will not 
give propeV results. • ' 

3. Discuss Sample seeding. ' ' " • 

4. Discuss sampling and holding time. 

5. a. Discuss sample dilution, 
b. . Work example probldrns.- 

^ cy^ave class calculate^ dilutions required ' 
J- given an estimated BOD. 
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Module Ho: 



Approx. Tjine: 



:MQd^^e Title: 

» 



Submodule Titl^ 

\bod 



1 ^ 



Topic: ^ / . ^ " 

^narfuated Cylinder Dilution "Method ' 



Objectives: - , ~ < " ' ' - 

l?hen the participants^ complete this' topic- they should be able to: ' ' • ' 

1/ Identify the proper, apparatus and chemicals needed to set up BODs by the / 
graduated cylinder dilution fnethod. \ V 

2. Conduct a BOD test (gradua-^ed cylinder diWion method) given proper te^t 
^ equipment, procedures sheet, and sample. \* ' " \ - ^ 

3. '^Translate the raw data from the BOD test into p,roper. uni ts O"^ epcpVession given 
• rap[5ropriate equations. i ' . ^ - 



InstructiofTcsl Aids:" 

Hsndou.t / 

EPA video tape' 

L^b equipment 



'4 ■> 



Instruciional f^proach: 



Lab 



References: 

* 

Standard Methods 
-^EPA EMPs Manual 



Class Assignment's: 



s ■ 
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Module yo: • 



Graduat^ Cylj Oder Diction Method Vv' ' • 



^1 • * 

Instructor Notes: 



InstrUictor 'Out I ine: 



Paaes 22 - 31 



L * a. 



(To the point of incubation)^ 



■ r 



/ 



d 

2, a 

b 

3. a 



1 • ^ ^ 

Lisv'anti^idQptify the prx)peir ^apgaratus needed 
for BOD test. • . ^- 1 " - 

List ahd identify chemicals §nd neagents 
needed,^ - 

Indicate 4:hat reagents^may- b'e bought pre- t - 
made,= ' \ 

Discuss care of buffer reag^'t. 

Demonstrate se^f up of BOD 

, - Have parti c\par!|:s seVup.a BOD jtest . ^ < 

- D#onstrate 'calculations usm'Q^data from -a 

finished BOD' test; , \ 

* ' '■ . . ' 
Have parti cip*antl work caicu] a tions using data 
from a finished test. 



v 



Effluent Monitoring Procedure: DeterminMion of Five-day BjocHemital Oxygen 

Demand- {BOD5) 
U Analysis Objective?: - 

Jhk learner will '.ideterrnine tKe five-day biochenrical oxygen demand of a^ 

sewage sample. 
2. BT?i^f Description--ef Analysis: 

' • : • , ^ ^ 

The sample is diluted with 'a high quality distilled water contai'ning 
nutrient salts and a buffer. Two biochemical^ oxygen demand (BOD) bottles 
are fillejd with the diluted samplje^ The dissolved oxygen (DO) content ^ 
of the first bfettle 'is determined, and expressed as mg of DO/1 it6r*\ The ^ 
second iiottle is stored w the dark at 20° C^^for five days. During the 
five-day period, microorganisms in the sample breal< dow« complex organic 
_ matter in the sample, using up.6)vgen in the process. * At the end of the 
- fiv^day peVioci, tb^DO content of the se^cond BOD bott>e is determined, ' 
and again expressed^as mg of DO/Ht^tr. ^The depletion in ox/gen con^enU . 
divided b^ the percen|: pf sample used, (expressed as a detimal fraction) i-s 
the fiv,e-day biochemical oxygen dem^and expressed as .mi 1 1 i grams of BOD per 
, liter^of sai^le. BODs'is the. symbol for the five-day biochemical oxygen 

demand, * ' ----^-^ . . ' . ' ^. ' • ^ - 

General Description o*^ Eqijdgment Used in the Process 

A. Capital. . . ' ^ ^ ^ ^ 

.1. Trip balama, 100 ^^capaci ty " ^' <» " 

2. StilL or other soured of distilled water 

-3. Incubc^tQr capable of maintatning a temperature of. 20° C.-f 1° C, and 
Targe ,enough .to hold. four /306 ml BOD bottles and a 3 liter jug or' 
bottle. 

.23 
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B. ReusSibles , 

1. Brushes (for.cleaniag glassware) 

J* 

2. . Brush (for cleaning balance)- * 



1 



3. Laboratory aprorr. 

. '4. Safety glasses ' "~ ' , ^ ' 

'5. One spatula (medium size) ^ . ^ ' . . 

6. One distilled water plastic squeeze^bottle 

7. ^ One pen or pencil ' • 
8^ One notebook (for recording data) 

^ 9. Seven. pljastic weighing .boats (2-3 inches sqifare) 

10. ^ijSponges/(for cleaning of laboratory table tops) ^ 

J 

11. One 3 Hiter jug cir bottle with narrow neck ' ' ' « »^ 

/ " I . ' ^ : 

12. One "powder funnel , about ^ inch diameter ' 

13. One 1 liter Volumetric flask ' ' r ^ 
14.. 'FpLfr 1 liter glass stoppered bottles 

15. ,Two I Ifter graduated cylinders ^ ^ 

16. One siphon (long enough for use with the 1 lit;er-^raduatj^^linder)' 

17. Four 1 ml volumetric pi pets * • , " 

18. bne 10 ml Volumetr4c pi pet ^ 

' • ^ ,\ . . _ - 

19. One 20 ml volumetric pi pet ^ * * ' ' 

~ * - «» , 

20. One plunger type mixer (for use with the 1 liter graduated cylinder 

21. Four 3bO ml .BOD bottles ^ ; ♦ , - 'I 

22. Equipment for doing a^Winkler-DO de^termination-azide modificatT£)n, 
see EMP^CH.0;EMP.1.8.74, Determination of dissolved Oxygen-Azi'de 

■J ■ 

i Modification, or " 

^ ■ . ■■; • . J ' . ' 
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23. One dissol yed-'Qxygefl meter, see EMP CH.O.DO. EMP. 1.8.74, Determination 
of dissolved Oxygen Using.a-EffBsol ved Oxygen Meter. ^ [ ' - ,^ 

24. One 2 liter beaker (Tor preparing cleaning Spltil^n) 

25. One 12 inch^stirp ng rod (for preparing^ cleanWg siolution). 
ConsumablG 



1. Small wad of cotton (to plug the 3 liter jug or bottleX 
2*^ 8.5* g."of potassium di hydrogen p^sphateyKH2P04, , . 

3. 21.75 g.' of ^ipotassium hydrogen phosp^te^ K2HPO4 

4. 33.4 g. of, di sodium hydrogen phosphate heptahydrate, Na2H0P4.7H20 
5.. 1.7 g of ammonium chlbride^ NH4CI 

6. 22.5 g. of magnesium sulfate heptahydrate, MgS04.7H20 
.7. 27.5 g. of anhydrous calcium chloride, CaCl2' 
8.^0.25 g. of ferric chlof^^e bexahydrate, FeCl3.6H2t) 
'9. ^^genj:s for doing a Winkler DO determination-azide modification, see 

EMP CH.V.EMP.la.9.74, Winkler Determination, of Dissolved Oxygen-Azide 

Modificatlion. ^ 

10. ■ Reagents .for use with a dissolved o^^n meter, see EMP CH.n.do.EMP. 

la. 9.74, Determination of Dissolved Oxygen Using a Dissolved Oxygen' 
Mete-r.- ■ *. ' . - 

11. Concentrated! sulfuric acid, H2SO4 ' 

12. Sodium Di chroma tei Na^Cr20j - , ' * • 

13. Soap 



J 



(Items 11, 12, and 13' are for cleaning glassware. The quantities needed 
will theref^ vary).,' ' • . ; 



^Equipment Preparation^ ' ^ 

1. Cleaning of glassware 

- Clean, all glassware and rinse with distilled */ater, * 

2. Balanced ns^ctlon \ ' ' 

a. Check all balances for cleanliness and proper operation, 
Re^tgenr^eparation * , * 



1. J^isti.lled watet^ / . v \ 

a.. bi5.till\2 liters of yvater irfto a small neck jug (or large bottle) . ' 
'I ' " / • , - * 

1, Unless otherwise spfeciffed, the tena^M&t^v means distilled - ^ 

water. * /. ! • -ir-^ 

b'. PlHjg^the jug with a loose fitting pi^ of cotton. \ 

.1. Unless otherwise sp'ecifSed, siblutions should be.stored in glass 

' - .- - ^ • _ . . * • 

stoppered bottles. . ' • • . 

.. c. Store the jug at 20^^Cjt 1° CV for 4'8 hours prior to' use^A- 
.1. This length of tije.lfift befiu deterrnifl^dsimply on the basis 
-<s^of experience. \. ^ 
d. rate the water just -priSf to use. \ ' ' 

\. Do this-by shakingythe water in a half-filled jug, 6r 

2. By using a clean supply of compressed air. * (Be cautious about 
air" jets and motors which' may simply contaminate the waiter 

:.'with oil)-. • , ' . ^ . - 

2. Phosphate buffer solution . \f ' ' ' ' 

a. <. Wet^h 3r5-/. of potas^ttim dihy'drogen. phosphate, KH2PO4 ' 

b, 'Weigh fl.75. g: of dfpotassiuiLHycJrogen phosphate, K2HPO4': 

- ' ' < / -* ■ - 

c» Weigh' 33.4 g. of disodium Hydrogen phosphate Keptahydrate% 

Na2HP04.7H20 . ' ' ' ' ' ' - . 
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' d. Wei^h 1.7 g. of ammonium chloqde, NH4C1 

e. Dissolve the four chemicals together in ^bout 5190 ml of water * 

f. Dilute to 1 Viter. ^ 

3. Magnesium sulfate solution 

a. Dissolve 22.5 g. of magnesi-um Sulfate heptahydrate, MgS04.7H20, in* 
water and dilute to 1 liter. ' ' ' * 

4. Calcium chloride solution * ^ ' 

a. Dissolve 27.5-g. of anhydrous calciufii chlonde^_CaCl2> in water 
and dilute to 1 liter. , * 

5. Ferric chloride solution - ' 

a. Dissolve 0.25.. g.' of ferric chloride, iFeCl-j, in water and dilute 
'to 1 liter. • < , . ' |p 

Pro'^ure _ , v 

K Sample dilutfbn ^- ' • , 

c a^ Siphon about 500 ml of the 20° C. water into a 1 liter graduated 
cylinder. ' 

1. Do not. causae splashing which might chiinge Ihe-' oxygen content of 
the water. ' - ^ 

b. Add 1.0 ml of each .of the magnesium sulfate, calcium* chloride, 
ferric chloride, Sin'd'^ phospha^te buffer' solutions . 

K Mix gently with a pi unger-;type ijiixer after adding each of the ' 
four solutions. Cause no splashing. 
' .2\, One ml of eeich.of the 4 solutions is' used for each liter of 
w^ater; . i . ' - - • * _ 

' ' 3. These 4 solutions may be added to the reservoir of 20° C. 
• water just prior to 



Sha1<'e the sample container, measure the sample, and add it to the 
graduated cylinder. ' ' ^ ' ' ^ 

1. 'For influents t)f domestic wastewaters: / 

10.0 mL(lX of the liter volume) „, 
0.0 mlv(-2%..of the liter valume) - - . / * ' 

40.a,ml (4% of the liter volume) 
For effluents from primary treatment plants: 
40.-0 ml .(4X of the liter volume) 
60 ml (6% .of the liter volume) 
80 ml (8% of the liter volume) ' 
,. For' effluents from secondary treatment plants: . * 
\ ZOa-ml. (20% of the 'lUer -volume) ' ; 

30'Cl m,l .pb% of the liter volume) ' ^ . - ' 

.400 ,mr.(40% of the liter volume) ' ' , 

2. The sample volumes abave are sjugge^ted values.* The^actual 
sample volume for each^^rnd of waste must be determined by ) 

' ex|l)erience. - c . . 

Siphon in additional 20^ C water -to the 1 liter mark.^. ' 
iV\Do 'not caus.e splashing., ^ ^ / 

O'ther'sample dilution methods are sometimes used; e.g., 9 1 
/ ;*1ite^. yolu^^ flasVin place, of the graduated . cylinder, 
.llsg^ a pTyn^er-type mixer tq^ mi^ the contents of the cylinder. 
;1. .MiK.sently so as iTot to cause splashing. 



BOD bottle fillip 

1. For each s amp Di^ volume used, fill 2 BOD bottles' by siphoning from the 
liter cylinder, 

a. Hold the end o| the siphon near the bottom of the BOp bottle so 

-as ta*;j5t)*e vent /splashing, 
b» Opeh the, signon slowly, 

2. Stopper the SOD bottles, 
a. Do not cause formation of an air bubble'ByTrfsertiqg the stopper 

. too vigorously, _ ' 

Blank determination 

*■ * 

1. Siphon about 500 ml' of , the 20° C. water into a 2nd one liter 
graduated cylinder. \ ^ 

a. Cause no splashing. ^ ^ ^ / ' 

2. Add 1.0 ml each of the magnesium sulfate, calcium'chloride, ferric 
chloride, and buffer solutions. 

a. Mix gently with a plunger- type mixer after adding each of th^ 
^ four solutions. Cause no splashing. 

3. Si,phon in additional 20°^. water to .the IJiter mark. 

a. Cause no sp'l-^Shing. ^ ^ . . ^ 

b. No s'ajnple is used in this second cylinder-. ^ 

4. Mix the contents .(^f this^ second cylinder using a plunger-type mixer. 

5. By siphoning, fill 2 BOD bottles with this mixture. v . ' 
a. These two bottles are called blanks. * ' . 

DO determination - • , 

1.^ Fill the flared top of one of the sample and one of the blank BOD 
bottles with Water. • ^ • • 
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2. Store them at 20^ C. in the dark for 5 d^s. 

a. Check the flared tops^afix'and'^reti.l i wi.fh water K hetessary. 

b. There ar^e alternate wa^ of storirT^ the bottles at 20^ C. so as to- 

* « 

maintain a water seal • ' 

3. Determine the DO of the 2nd ;s ample ?ind blank bottles. 

a. Use the Winkler methpd-azide modification, or a dissolved oxygen, 
meter. ^ 

b. This determination ^should be done within 15 minutes after filling' 
the BOD bottles\ < ^ — - 

t c. TKese DO values, are oft^n called initial DO values. 

4. After 5 days, determine the oxygen ^onjent af the stored sample afid 
blank BOD bottl'es., • ' r 
a. Use the Scime method, as before. ^ • 

^G. Calculations • ' • . • " 

1. Subtract the DO (expressed in rog/1) value of t\)e fifth daty , sample 
bottle from the initial DO (expressed in mg/1) value of the first 
bottle. 

a, e.g. 5,0 = mg initial DO in the fJrst bottle^ and 2.0 = mg DO 
in 'the stored bottle after 5 days. • ' • 

b. 5.0 - 2.0 = 3.0 / ^ ' * ' 

2. Divide the difference by the'percent of sample used, exp,ressed as a 
deciraaT; the answer is mg BOpg/l. ' ^ 

a. e.g., if 10% sample was used, then mg BODs/liter j 3.0/0.1 - 30. 

b. If the decrease in DO 'over the. 5 ddiy period is not at least 2^0 
. mg/Jiter, the BOD5 rfe^Cilt will not be^reliable anjd shjoulcJ'^^^e 

, ignored. , 

' ' 30 
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c. If Aere is not at least 1 mg of DO.Wt in the stt)red bottle after 
Svdays, Ihe BOP5 result will not be reliable and should be ignored: 

d. It is conrnon to set up at least, 3 dilutioH of a particular sample 
so that"! of the bottles will show an acceptable oxygen depletion 
over the 5 day period. - * 

For the blank BOD bottles, subtract the ml of sodium thiosulfate 
titrant used for the stored bottle from the ml used for the initial 
bottle. • 

a. The difference shotjld not be greater than 0.2 ml. . ^ 

b. If it is, the 20*^ .C. water is Df low quality. 

c. Possible causes are orgcinic, contamination in the water ^heck 
the aeration procedure) or dirty glassware (especially the BOD 
bottles and water storage jlig) which has contaminated the water. 

d. The difference in ml readings is not used as a blanks correction,* ' 
• but merely" as §.(QheduQn the quali'ty of the 20^ C. water.' 

e. One example of a data shee^ is attached". ^ ^ ' 
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^.iL...o;. ' .SAMPLE vm- _ 

'''''' ' CHANGE IN DO ' ""^""^ 

i DO * '-^ ^t~~r5!^~D^, : 

f-t" D,'Tr oyr^ZZZLj 

- - - ' 5 _ 

SAf-'^lt S9!JPCe\ " " 



TIME 



DILUTED TO MILLITERS 

~ • ^ : AVERAGE 5 DAY Dn__^ ' 

-■^'^'•t 5 Dy(Y ^^^^ ^^^^^^^^ ^ 

30'1^£ -V, 5 DAY DO. i^^^^^ ^ " AVE. STSTM) ~ 

' '-"TE . CATE o'u7~~'. ' ^ "^^^ • ■ , 

SAyc: £ SOURCE - ' " 

• ^ DATE . TIME - 

i:..iU,IO'j . SAMPLE VOLUME "DILUTFnTn' I 

UILU7EDT0 ^ MILLITERsN 

' ' ~ ,vEP^GE 5 DAY DO ' ^ ' 

.o.TLE . 5 DAY 00______ ' CHANGE IN DO 

BOTTLE . 5 D^^y. ijg • , . .(15 MIN. DO - AVE. 5 DAY M) ^ 

SA'^ 1_ DATE,^^^^^ ^ ^ 
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Modul 



App'rox. Time; 
• 2 hours 



ftodule Title: 



Subnx)du1e Title: 

'J 



Topic: 

DO Meters ' 



IT 



Objectives: • \ ^ ^ 

When the participants complete this topic they should.be able to:" 

1. Identify ^ component 'parts of a DO meter and proba.^_. 

2. Prepare the^ DO probe for operation by changing^^the membrane and adding new 
electrolite. ' . * * . ■ 

3. Standardize the DO meter. 

4. Conduct^ a DO test using the DO meter. 



Instructional Aids: 
Lab equipment 



Instructional Approach: 



Lecture 
L^b 



References: 



DO Meter instructions 
Standard Methods, 14tfi Edition 



Class iAss1gnn)cnts: 
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Topic: 
DO Meters 



Instructor llotes: 



r . 



DO Meter Instructions 



Ins'^ructor Outline: 




J 

1. a.- Identify the parts of a DO Meter and 
probe. 

■ 

b. Indicate the chemistry of the reaction. 

2. a. Demonstrate. how to change the membrane 
,,on the DO probe. 

b. Have participants change' the membrane. 

3. a. ,-D«n6nstrate. how to standardize the meter. 

b. 'DisGiils other methods of 5tandai;-dization. 

c. 'Have' parti cipan,ts standar^lize .their 
meters. 

4. 'a. Defiionstrate the' DO 'test u^ing a meter, 
bi; Have participants run a DO test! 
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Module;^ n6: 



Approxw Time: ■ 
2 hours . ' 



Module Title-: 



Submodule Title: 
BOD 



Topic: 

Di rect Di 1 yti^vrf Me thod 



Objectives: . . ' 

When the^artici pants complete this topic they should be abl^to:^ 

1. Identify the oroper apparatus and chemicals needed to' set up BODfe by 'thfe 
' direct dilution method. ^ » 

2. Conduct a BQD test (direct dilution method with DO meter) given. proper 
test equipment, procedures sheet%and sanple,"^ ' , • 

3. . Translate the raw data from the BOD test into proper units 'of expt^ession 

given appropriate equations. . ' 



Instructional Aids: 

Handout » 
Lab equipment 



Instructional Approach: 

Lecture 
* Lab ♦ 



References: 
Standard Methods 



Class Asslgnnionts: 



55 
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»1. .List and identify apparatus and chemicals 
.needed to set up BODs jOsing a DO meter .-' 

a. Demons trate >the Jtyp" of the ;test!^ ■ : 

/b^ Have participants set up the BOD tes.t.. 

3. Give participants data from a five day BOD 
test and have them calculate the BODs. 



\ 

Irvtroductlon 



BIOCFtEMJCJf. OXYGEN DEMAND (BOD) 
Using DO Meter 'with BOO Probe ' ' ^ - 



The biochemical .oxygen demand (BOD) is defined as the quantity of 

oxygen used in ,the biotsFiemical oxidation of organic matter in a specified time 

at a'specified tenfiperature» and under specific -conditions. The standard BOD 

test performed on domestic. .waste is carried out for 5 days at 20 C. The BOD 

test ^^is used as a measure of the organic, strength of sewage. If the sewage , 

isrstrong, for exaniple> it will contain a large amount of decomposable 

organic material. In such a case,/fhe oxygen requirement and BOD would be 

laJgei By the same argument, sewage containing small amounts of decomposable 

organic materials would have -a small BOD. 

^ ••- ^ ♦ 

The test is performed by determining the amount of dissolved oxygen 

Mn the sample at the start and comparing it to the amount of dissolved oxygen 

in the sample after five days. The dissolved oxygen depleted ove? this^period 

*• ' 
has been \sed to stabilize organic material and is therefore the ^biochemical 

r . ' ^ ' , *^'>. ' ' \ 

oxygen demand' (BOD) of the sanple. . - ^ 

Whenever chlorinated samples ar^ "collected for the determination of 

BOD, sufficient reducing/ agent must be ac^ded to the sanple to destroy the' 

chlorine. After dechlorination, the s^tnple must.be ^Veseeded" with organisms. 

Equipment 

. 300 ml BOD bottles with ground glass stoppers 
Incubator^O C. r 

Pipettes - lb ml. graduated, large tip base 

•2>^- /I 
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Siphon apparatus »f or dilution water 

Ihjree 5 ml. jneasgring pipettes with bulbs (or thrfee 2 ml auto/natic 
pipettes) ^ * 

500 ml. wide-mouth Erlemneyer flasks . 

50 0)1 • buret, with 0.1 ml. graduations 

30D bottle air-trap caps 

DO meter with BOD probe 



Reagents 



V 



1- CALCIUM CHLORIDE SOLUTION ' * - _ 

Dis^ol-Ve 27;5 anhydrous caldum chloride (CaCl2V3n 500-600 ml • . 
' distilled water and make up to one liter with distilled water • 

2. MAGNESIUM SULFATE SOLUTION ^ ' : ' 

Dissolve 22.5 g. magnesiuifi sulfate (MgS04.7H20) in 500-600 ml. distilled 
water*' and make up to one liter with distilled water. ■ 

3-. IRON (III) CHLORIDE {FERRIC CHLORIDE) SObUTION ' 

' Dissolve 0.25 Iron (III) chloride (FeCT3.6H20) in. 500-600 ml distilled 
water and make up to one liter with dis-tilled water, ' 

A. ■ PHOSPHATE BUFFER SO LUTION- . - . ' 

Di^ssolve 8.j5 g. monobasic potassium phospfiate (KH2PO4), 21.75 g. dibasic 
potassfum phosphate {^2HP04),' 33.4 dibasic sodium phosphate (Na2HP04.7H20) 

•it 

and 1.7 g. anmicnium chloride^C'*H4Cl) in 500-600 ml. distilled water. Aftei 

^ ■ - > . . . • ^ . -k 

salts have dissolved, make, up to one liter' with distilled water. The pH 

J ' ' ' \ ' ^ ^ ■ 

of this buffer shouTickha; about -7.2 and should be checked. 
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5. / ^ILUTION WATER 

The dilution water is made by adding 1 ml. each of ^solution #1 (Calcium 
chloride), #2 (Magnesium sulfate) and^#3 .(Ferric chloride) in that order 
to ea^ liter of distilled water. This solution is then aerated^y ; 
shaking partially filled bottles or by. bubbling! clean compressed aisf 
through the liquid for 24 hours. The solution should then age at least 
24 -hours. Just before use, add 1 nvl. of solution M (Phosphate buffer) 
to each liter of distilled water.' 



Procedure for' Non-chlorinated Samples 
1. SET UP SEVEN Bt)D BOTTLES 

• ■ ■ 4 ^ 

Duplicates of three different dilutions of the sample should be run 
determining initial DO on each dilution and final DO of each dilution. 
In addi tion*'initial \p should be determined on the dilution water, and 
final DO on ^ the dilution water. The same bottles are used Tor initial 
and final DO dete^^mination^s. ' / 



Initial DO 
& 

5-Day DO- 
(Final) 



i 



1st '2nd 3rd 
Three Dilutions 



Dilution 
Water 



Diagram of BOD bottle arrangement 
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2.> SET UP SAMPLE DILUTIONS / ■ . 

Sanples containing residual chlorine should be Sechlorinated by.adiding* 
^ sodiujn sulfite. BOD diluttoos can be prepared with seeded^ standard 

dilution wat,er.| For procedures for seeding alhd dechlorination re^r ^"6 

* V*' ' ' ' - 

"Standard Methods", 13th edition.* ^ *^ N W 



Use^-^able I below to"* deierniine prpper dilutions. ^Make dilution directly 
into jme 300 ml. BOD' bottles. For exariipl^f^f\ou anticipate a. BOD -of 
30/ppm you"should ma^ce dil\jtions using.30 ml., J7.5 ml ,.<*<tfTd^60 ml* of" ^ 
Imple. ^ Pi'pe^T>e 30 ml. into the three^'bot^tles used foV the first 'diTuti on, 
37.5 ml. into thp three second-dilution bottles, and '66/ml. into the, thnee^ 
third-dilution bottfes. Then^ fill' each bottle wUlT^^TTrt^ . * 

the siphon appara^s^o^avoid excessive aeratibn of ^^agpleJ^Htep^ \ 
stopper, being sure not to tVapT air an^ mix by invertljig^ several timesA^ 



^ . TABLE I 
/ ^(BOD test .Range,) 



Dilution. 


. / 


Ml^of Sample 


- i^ticlpated 


Factor 


Needed/300 jnl . 


B^D Range, ppm 






300 ' 


■ 2-5 ' 


2 




150 - 


4 - 10- 


4 




75 


8 - 20» 


5 




• 60 


• ■ - , 10 - 25 


8 




37.5 


• . ^ . 16. - ^O 


10 




30 * 


■ 20-50 


20 .: • 




15 


.40-100 


25 




12 


' , 50 - 125 


40 , 




, 7.5 " 


. 80 - 200- 


■ 60 
66.7 




6 

4.5 


100 - 250 
> 133 - 333 ■ 


100 . ' 






■ ' ■ 200 - '500 . 


300 


t 


^ ,1.5 ^ 


-m - YOOO ' 


400 




_J 0.75 . 


800 - 2000 



\ 
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3., RUN INITIAL 'DO , 



Run DO;on the, bottles for each dilution an"3 dilution water using .the ■ -s^ . 
DO meter. ' , - . • > . 

PLACE FINAL DO BOTTLE -IN INCUBATION 

Incubate for 5 days 2 hours) at 20 C. Make air trap by putting a 
couple ml. distilled water around base of stopper land covering with special 
,BOD bottle caps. . ' . - 



5. RUN FINAL DO 



After 5 days on the dilution water blanks and on samples. 

' Five day BOD sanple = (tnitial DO of the sample - FinaT DO of sample) 
X dilution factor. ~ 



, Example : 



Initial DO of %ample 

Final DO of sample 

ml . of s anp le 
, Initial -DO of dilution water 
" Final DO of dilution water 

5 day:BOD of sample 



= mg/1 . ' 
= 4.0 mg/1 
=30 ml. 
= 8.0 mg/l 
^ 7.7 mg/1 

= (8.0 - 4.0) x'lO 

= 4 X 10 , J 
= 40 mg/1 c 



r 



Notes ; 



To find dilution factor for each samgle refer back to column I 



of Table.i; 



X 
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•The pxygert depletion 'due to the dilution water is not taken into ^ 
the calculations :Qf BOiD. • This is used only' as a^ check on the dilution water. 
If the cjepl eti oTTTS-greateT than 0.3- mg/l for the dilution water, the data ' 
cannot ftons'iderid valid. New dilution water should be prepared and the 
tests re-run. ' * - . ^ - » , , / - 

BOD Chlorinated SampTes - ' . . * j 

1. SECURE AN UNCHLORIDATED SAMPLE OF RAW SEWAGE " . \ " 

Secure an uhchlorinated sample of raw sewage or primary effluenj^ 24 hou 
/ prior to the time the BOD test is .to be set-up^T Collect about 1 liter of ' 

unchlorinated safnple and let stand at room temperature ovei*night. Pour % 

off the clear portion of the sanple and use it for thJ"Seed". 
2: PRESENCE OF CHLORINE^ ^ . 

Check font the presence of chlorine in the sample ,to „be;„ey5Juated as* 

follows: " 

'^a. Carefully measure 100^ ml. of^ well-mixed Sample into a; 250 ml. 

\ < ' ^ " ' c ' 

Erlenmeyex flask. ^ , 

b. Add a few crystals of potassium iodide {KI> to the sample and dissolve 
. the crystals. - , * ' 

c. Add-l-m^l. of concentrated sulfuric acid {H2Sa4')' and'mix well. 

d. Add ftva-^rops of starch. If nb blue color is produced then chlorine 
is ab^n^, the BOD of the sample may be determined without further- / 
treatment. v • . :^ 

If a blue color is produced, titrate the sanple using 0.025 N..§?)dium 
thiosulfate {Na2S203-) to the endpojnt between the last trace of blue> 
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color and a colorless sol'ution (colorles's endpo-int). Make the 
titration very slowly, counting the drops of "thi.o" 'used, and record 
this number. 



3. DECHLORINATING A SAMPLE 



To dechloVinate a sample, measure out 100 mis. of well-mixed sample into 
a clean 250 ml, Erlenmeyer flask. Add the number of drops of "thio" 
determined necessary for dechlorination. (Step #2 above). Mix well. 
Use this sample for determination of; BOD. If more sample is needed place 
eh larger sample (measure qarefully) into a clean container and add a 
proportionate number jaf drops of -the "thio" for dechlorination. . ' 

4. ,SEEDIN6 OF THE'SiWPLf ' ' . . 

For seeding of the sampl^, add 1 ml. of the aged seed (St^p il above) to - 
each of the BOD bottles containing dechlorinated sample. Also set up 
samples of the seed for deterrifi nation of the BOD using 2, 3, and 4.perceat 
(6, 9, and 12- mis. seed) and determine the 5-day depletion due to 1 ml. 
of seed* -/ ' ^ 

Xal culations " ' 

5-dqy DO depletion of seed sample = mg/1 DO • . ^ . 

mis; of seed'' Depletion caused by each ml. of seed - 

Initial DO (mg/1) of diluted- sample - (finaL-DO + seed cofreg^tion factor) x 
dilution factor = BOD . . • 

Or , " ^ ^ 



IDO - (FDO + SCF) X DF = BOD mg/1 
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Module Ho: 



Approx, Time: . 
30 Min. 



f4WuVe Title: 



Submodule TUlej 

BOD 



Topicr_ 

Sunmary of Methods. 



Objectives: 

^When the participants C9mplete this to])ic they should be able to: 

1,. D.ifferentiate between the three BOD^test methods asVovered in topics^ 
^ by;comparing the'^llpwing parameters: 

a. Time required to complete the test 

b. Equipment and reagents required 

c. Precision and. accuracy 

d. Interferences enx:ountered *' ^ * ' ' 

» 

^ 2,. Recomnend a method using the above parameters for use in "nome'^plant. 



Instructional Aids 
Handouts 



Instructional Approach: ^ y 



Discussion , • 



References: 

Standarcl Methods 
EPA EMPs Manual 



Class Assignments: 
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Suimiary of Methods 



Instructor Hoties: 



1 



ERLC-. 



InstPuctor Out/yie: 



Compare -and contrast the two .methods . 



\ 





